1. Introduction {#s1}
===============

Acoustic noise is increasing day-by-day due to the excessive use of machinery. The perception of noise by a human being is an important research area \[[@C1]\]. There is an increasing concern for noise reduction with additional cost \[[@C2]\]. Noise-induced stress in children has been studied \[[@C3]\]. Stress is related to brain activity and hence researchers study the stress using electroencephalogram (EEG) under different listening conditions such as noise and music \[[@C4]\]. Music is liked by a person and may reduce stress, whereas noise is not liked and may induce stress. Multichannel EEG provides the spatial and the temporal information about the brain electrical activity and it is widely used for detection of Alzheimer disease \[[@C5]\], epileptic seizures \[[@C6], [@C7]\], sleep apnea \[[@C8]\] and different types of emotions \[[@C9], [@C10]\]. The EEG signal consists of the clinical patterns such as $\documentclass[12pt]{minimal}
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}{}$\beta $\end{document}$ wave is the high-frequency component of the EEG signal and it is present during alertness, anxiety, fear and stress \[[@C12]\]. The study on the effect of sound listening on human EEG is limited, unlike noise. Different sounds have different effects on the human brain as they have a different range of noise frequency and power. Quantifying the changes in the EEG signal during different listening conditions is a challenging problem.

In the literature, various methods have been proposed like time--frequency analysis \[[@C13], [@C14]\], wavelet analysis \[[@C15]\], detrained fluctuation analysis (DFA) \[[@C16]\], multifractal DFA \[[@C17]\] for quantifying the physiological changes in the EEG signal during external stimuli such as the noise, the listening of music and the induced emotion \[[@C18]\]. Lin *et al.* \[[@C19]\] have used independent component analysis to differentiate the gamma band synchrony between musicians and non-musicians. Listening to music can change the brain chemistry \[[@C20]\] and decrease the pain and anxiety in critically ill patients by activating pleasure-seeking areas of the brain \[[@C21]\]. The state-of-art methods for the analysis of EEG signal using music as a stimulus are shown in Table [1](#TB1){ref-type="table"}. The emotional excitation of the EEG of different regions of the brain varies depending on the types of music stimuli \[[@C22]\]. It has also been found that the pink noise exposure can induce a stable sleep stage \[[@C4]\]. The left frontal activity of the brain increases with positive emotion, whereas the corresponding right frontal activity increases with negative emotion in response to music \[[@C23]\]. The theta activation in frontal-midline, T3, and Pz electrodes can vary with music-induced emotions \[[@C24]\]. However, the effect of active noise control (ANC) on brain electrical activity is entirely a new study and paves the way for the future research. Table 1State-of-art of methods for analysis of EEG signal with music as stimulusAuthorsSignal processing techniques usedClasses of EEG signals with music as stimulusHadjidimitriou and Hadjileontiadis \[[@C14]\]time--frequency analysis and KNN classifierlike versus dislike to music stimulusHadjidimitriou and Hadjileontiadis \[[@C13]\]time--frequency analysis, and familiarity ratingslike versus dislike to music stimulusSturm *et al.* \[[@C25]\]spatio-temporal regression filters and SVDnaturalistic music stimulusBhoria *et al.* \[[@C26]\]bandpass filtering and power spectral density-based analysis of EEGno music, music with 60 dB sound level, music with 75 dB sound level and music with 100 dB sound levelGeorgescu *et al.* \[[@C27]\]statistical analysis of alpha, beta, delta and theta bandsmonotonous auditory stimulation

ANC works on the principle of superposition where a secondary noise of the same amplitude and opposite phase of the primary noise at the appropriate spatial location is generated by the controller to cancel the noise in the acoustic medium \[[@C28]\]. The ANC is very effective in controlling the low-frequency noise generated by the air-conditioning system, rotating fan, ventilators, incubators and so on, which is more annoying to the ear than the broadband noise of the same dB like speech and music. The beeping sound of various medical equipment in the intensive care unit of hospitals gives irritating experience to the patients. Continuous exposure to tonal/beeping noise can adversely affect the auditory system, increase stress, and induce physiological problems \[[@C1]\]. In this Letter, we have investigated the effect of ANC mechanism on EEG signal. The discrete wavelet transform (DWT) decomposes the EEG signal into a vector of wavelet coefficients at different sub-bands \[[@C29]\]. The wavelet coefficients of these scales capture the information about the $\documentclass[12pt]{minimal}
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}{}$\beta $\end{document}$ waves. It is expected that the effect of ANC on the brain electrical activity can be effectively studied using the features of EEG signal at different wavelet scales. In this work, the multiscale eigenspace analysis of multichannel EEG signal is performed. The singular value features from the significant sub-band matrices of multichannel EEG signal are extracted and these features are given to extreme learning machine (ELM) model for classification of silent, noise, music, ANC with noise and ANC with noise and music. The effect of ANC on the features of multichannel EEG is verified through the statistical analysis and the performance of ELM classifier. The remainder of this letter is arranged as follows. In Section 2, the method for investigating the effect of ANC to brain electrical activity is described. The results and the discussion are presented in Section 3 and in Section 4, the conclusion of this letter is drawn.

2. Proposed method {#s2}
==================

The block diagram of the proposed method for investigating the effect of ANC mechanism on EEG signal is shown in Fig. [1](#F1){ref-type="fig"}. It consists of six stages, such as multichannel EEG database creation, preprocessing and multiscale analysis of multichannel EEG, sub-band matrix formulation, eigenanalysis of the sub-band matrices at significant scales using singular value decomposition (SVD), eigenvalue feature selection and classification. The details of each block are explained in the following subsections. Fig. 1Block diagram for analysis and classification of multichannel EEG signals

2.1. EEG database creation {#s2a}
--------------------------

The recording of EEG signal is done using a 24/32 channel EEG recorder (RMS Maximus Electroencephalograph). The measurement electrodes (FZ, CZ, PZ, FP1, FP2, F3, F4, C3, C4, P3, P4, O1, O2, F7, F8, T3, T4, T5 and T6) and reference electrodes (A1 and A2) are placed at the appropriate position of the individual subject with conductive paste. The sampling rate of each channel EEG signal is 256 Hz. Multichannel EEG signals are obtained from three subjects (mean age 33, three males). All the subjects have undergone audiometry test and reported normal hearing. Here, we have recorded the EEG in five different conditions. First, the EEG is recorded for 7 min when the subject is in the relaxed but awake state with eyes closed. At that time, there is low background sound. Then, the subject is made to listen to music of his interest for 7 min and the EEG signal is recorded. The subject is also exposed to a recorded broadband noise for 7 min and the corresponding EEG signal is recorded. Then, the subject wore an ANC headphone (BOSE ANC headphone) and exposed to the same broadband noise for another 7 min and the resulting multichannel EEG data is collected. After that, the same condition is continued with music played through the BOSE ANC headphone for another 7 min.

2.2. Preprocessing {#s2b}
------------------

The preprocessing includes the filtering of noises from the multichannel EEG signal and the segmentation of multichannel EEG data into frames. The filtering is done during the recording of multichannel EEG data using RMS Maximus Electroencephalograph. The low-pass filter (cut-off frequency as 75 Hz) is considered to eliminate the high-frequency artefacts from each channel EEG signal \[[@C11]\]. Similarly, to filter out the baseline wandering noise, a high-pass filter (cut-off frequency as 0.5 Hz) has been used \[[@C11]\]. After filtering, each channel EEG is divided into frames of 512 samples. We have considered 3000 number of multichannel EEG frames with each of size $\documentclass[12pt]{minimal}
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2.3. Multiscale eigenanalysis of multichannel EEG {#s2c}
-------------------------------------------------

The multiscale analysis using DWT has the advantage to capture the clinical patterns of the EEG signal in different scales \[[@C29]\]. The wavelet coefficients of multichannel EEG at approximation and detail scales are evaluated using the inner product of each channel EEG data with scaling function and wavelet function \[[@C30]\]. The scaling and the wavelet functions are computed based on the dilation and the translation of the mother wavelet. In this Letter, we have used 'db4' mother wavelet. The scaling and the wavelet functions are given by $\documentclass[12pt]{minimal}
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2.4. Feature selection and classification {#s2d}
-----------------------------------------
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3. Results and discussion {#s3}
=========================

In this section, the statistical analysis of the proposed singular value features of sub-band matrices of multichannel EEG and the performance of ELM classifier are shown. The statistical analysis is performed based on the evaluation of the mean and the standard deviation values of each class. The within-class variations of the first and the second singular value features of $\documentclass[12pt]{minimal}
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The sensitivity and the OA values of ELM classifier with three activation functions for five different feature combinations are shown in Table [3](#TB3){ref-type="table"}. It is evident that, for theta band, alpha band, beta band singular value features and total features cases, the OA values of ELM classifier with 'radbas' activation function are higher than other activation functions. The ANC with noise with music class has higher accuracy value as compared to other four classes such as silent, noise, music and ANC with noise. The proposed method has the advantage to capture the $\documentclass[12pt]{minimal}
\usepackage{amsmath}
\usepackage{wasysym} 
\usepackage{amsfonts} 
\usepackage{amssymb} 
\usepackage{amsbsy}
\usepackage{upgreek}
\usepackage{mathrsfs}
\setlength{\oddsidemargin}{-69pt}
\begin{document}
}{}$\delta $\end{document}$-wave, $\documentclass[12pt]{minimal}
\usepackage{amsmath}
\usepackage{wasysym} 
\usepackage{amsfonts} 
\usepackage{amssymb} 
\usepackage{amsbsy}
\usepackage{upgreek}
\usepackage{mathrsfs}
\setlength{\oddsidemargin}{-69pt}
\begin{document}
}{}$\theta $\end{document}$-wave, $\documentclass[12pt]{minimal}
\usepackage{amsmath}
\usepackage{wasysym} 
\usepackage{amsfonts} 
\usepackage{amssymb} 
\usepackage{amsbsy}
\usepackage{upgreek}
\usepackage{mathrsfs}
\setlength{\oddsidemargin}{-69pt}
\begin{document}
}{}$\alpha $\end{document}$-wave and $\documentclass[12pt]{minimal}
\usepackage{amsmath}
\usepackage{wasysym} 
\usepackage{amsfonts} 
\usepackage{amssymb} 
\usepackage{amsbsy}
\usepackage{upgreek}
\usepackage{mathrsfs}
\setlength{\oddsidemargin}{-69pt}
\begin{document}
}{}$\beta $\end{document}$-wave information of multichannel EEG data matrix in different sub-band matrices. The singular value features of these sub-band matrices are effective for classification of multichannel EEG signals. In addition to this the overall accuracy between music and ANC with noise and music becomes 83.22%. In this case, the classifier uses total features and 'radbas' activation function. ANC is a technique by which the external noise is reduced so that quieter environment can be created or enhances the clarity of music while listening \[[@C28]\]. From the EEG analysis, it is found that classification sensitivity is higher when the ANC system is applied compared to the without ANC system. The application that is suggested is to use ANC headsets while making music to listen during music therapy so that the music can be better perceived by the brain. However, the work proposed in this Letter has future application in music therapy. In music therapy \[[@C37]\], certain specific music is made to listen to the patients to cure diseases. However, due to external background noise, the person listens to music with lesser clarity. Therefore, the effect of music therapy would be suboptimal when there is background noise. However, if we use ANC to reduce background noise, the clarity of music is enhanced and it will have better impact on human brain and health. Table 3Sensitivity values of each class and OA of ELM classifier with 'sine', 'radbas' and 'sigmoid' as activation functionsFeature selectionActivation functionSilentNoiseMusicANC with noiseANC with noise and musicOA, %delta band singular valuesSine67.7176.9568.4176.1798.6177.57Sigmoid67.2973.7560.6364.3397.6472.72Radbas68.8676.5668.5774.3399.3177.52theta band singular valuesSine67.5775.4767.373.8398.8976.61Sigmoid67.7174.8458.5762.5097.9272.30Radbas69.1474.8467.1476.5099.1777.35alpha band singular valuesSine68.4375.9469.2175.5098.7577.56Sigmoid67.2974.8461.2763.5098.0672.99Radbas70.2976.5669.5277.6799.4478.69beta band singular valuesSine66.0075.1666.1974.3399.0376.14Sigmoid66.4373.7560.6362.8397.7872.28Radbas68.8676.7267.6277.0099.4477.92total featuresSine67.0076.5666.1974.3399.0376.62Sigmoid66.7172.6661.4363.1797.9272.37Radbas68.5777.0367.1475.8399.3177.57

4. Conclusion {#s4}
=============

In this Letter, we have investigated the effect of ANC mechanism on multichannel EEG signal. The proposed investigation is performed based on the analysis of multichannel EEG features and classification. The singular value features of the sub-band matrices of multichannel EEG are evaluated. These features are classified using the ELM classifier into silent, noise, music, ANC with noise and ANC with noise with music classes. The ANC with noise with music class has higher sensitivity value than other classes. The important observation from this study is that the ANC reduces the background noise and has a different effect on brain and hence multichannel EEG signals are classified with higher sensitivity. Since the ANC reduces external noise, the music is clearly audible and brain accepts it in a different way. Therefore, for music therapy ANC handsets can be used. In future, the effect of ANC during music therapy can be studied through EEG signal processing.
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